This study was designed to assess the accuracy of point-of-care ultrasound in determining the position of double-lumen tubes (DLTs).
Introduction
The lung isolation technique has been widely used for thoracic surgery, minimally invasive cardiac surgery, and so on. [1, 2] Singlelumen tubes, bronchial blockers, and double-lumen tubes (DLTs) have been primarily used for pulmonary sequestration techniques. However, DLTs are still the major and popular method, which has been used for lung isolation. The proper placement of DLTs was been regarded as one of the basis of anesthetic management. Clinical methods such as auscultation could lead to many problems, and were believed to be not reliable. [3, 4] Fiberoptic bronchoscopy (FB) has been regarded as the golden standard for its visualization of DLTs in the trachea and bronchia. [5, 6] The study conducted by Smith has revealed that the misplacement of DLTs was approximately 48% when performed through blind methods. [7] However, there are still some problems that require more concern such as high costs, fragility, and crossinfection.
Point-of-care ultrasound (POCU) has gained much development in recent years, especially in Anesthesiology and the Intensive Care Unit (ICU). At present, this technique has gained much attention in clinical anesthesia, such as nerve blocks, vascular puncture, transesophageal echocardiography (TEE), and so on. The judgment of the depth of the tracheal catheter is significantly important to patients, which would be helpful in avoiding complications. Many studies have reported that POCU could provide important information on the depth of the tube in patients such as in pediatrics and those who need emergent tracheal intubation. [8] [9] [10] [11] However, most of these studies were based on the pleural gliding sign t technique. The gliding of the pleura could be easily observed by ultrasound. According to the presence of pleural gliding, it could be confirmed whether ventilation is present or not. [12] [13] [14] The movement of the diaphragm and pleura, which could be quickly and efficiently observed by ultrasound, has been regarded as indirect quantitative and qualitative indicators of lung expansion. [15, 16] The so-called "lung gliding" sign can easily be identified by ultrasound with an intercostal ultrasonographic view. [17] The good positioning of DLTs is of great importance during an operation. However, few studies have used this technique to determine the position of DLTs. Including a quick ultrasound examination protocol to clinical assessments can ensure the more precise placement of left DLTs (LDLT)s compared with clinical assessment alone. [18] Another study also revealed that lung ultrasound was superior to clinical methods in confirming the adequate position of DLTs. [19] LDLTs are more popular than right DLTs (RDLTs) for wellknown reasons. However, there are no conclusions on whether POCU could be successfully used in the positioning of RDLTs. Furthermore, there was still no evidence on whether POCU is more accurate than auscultation when RDLTs were used. In most situations, the body position should be changed after anesthesia. The positioning can easily to be misplaced through changes in body position. In these cases, anesthesiologists have to readjust the tubes. Hence, more studies are needed to determine whether POCU would be effective for these cases.
The present study was designed to attempt to evaluate the ability of DLT positioning by POCU compared with auscultation. FB was designed as the gold standard.
Materials and methods

Participants
This study was performed at Department of Anesthesiology in Henan Provincial People's Hospital from April 2016 to December 2016. This research was approved by the Ethics Committee of the hospital. A signed informed consent was provided by the patients or their family members. After approval, a total of 132 elective thoracic patients were enrolled into this study. All patients were endotracheally intubated by DLTs. Generally, 35-Fr DLT and 37-Fr DLT were chosen for female and male patients, respectively. Inclusion criteria: patients who underwent elective thoracic surgery requiring lung isolation. Exclusion criteria: patients with a history of thoracic surgery, and no pleural gliding under ultrasound before anesthesia induction.
2.2. Study Protocol 2.2.1. Overview. In order to guarantee the blind principle of this study, 4 researchers were included into the study. Four roles were assigned to each of these researchers: the ultrasonic evaluation researcher (UR), in charge of the positioning of DLTs by ultrasound; the auscultation evaluation researcher (AR), in charge of the positioning of DLTs using a stethoscope; the fiberscope evaluation researcher (FR), in charge of the positioning DLTs using a fiberscope; the primary anesthesiologist (PR), responsible for the patients throughout the study.
2.3. The evaluation process 2.3.1. Supine position. After patients were delivered to the operating room, they were initially evaluated by the UR and AR. In order to ensure the balance between groups, a fixed point was located for research. The location points used by all the 3 evaluators were same, which was fixed at the crossing point between the second rib gap and the collarbone midline, the crossing point between the fifth rib gap, and the collarbone midline. The detection of the gliding lung sign, lung pulse, and diaphragmatic excursion can accurately detect the main stem bronchial intubation and the bronchial obstruction. [13] The PR was in charge of these patients. All patients were ventilated by pressure controlled ventilation, the peak pressure was set at 20 cm H 2 O, and respiratory rate was set at 16 times/min.
Immediately after the DLTs were inserted, the position of the DLTs was evaluated by the AR. The satisfactory isolation standard decided by the AR were as follows: both 2 points of the independent lung had no breath sounds, while there were clear breath sounds in the dependent lung. If there were sounds in one point and no sounds in the other point, the isolation was judged not good. The result of the AR was recorded by the PR, and would be asked to leave the operating room.
After the evaluation by the AR, the UR would inter the operating room and conduct the evaluation. The positioning point was the same as that of the AR. Standard: Pleural gliding could be easily observed on the side of the dependent lung during one-lung ventilation (OLV), while there were no such signs on the independent lung. Hence, the UR would be judged as good.
The ultrasound device (Model: S-Nerve, HFL38x 13-6 MHz; Sono-Site) was prepared before intubation. The linear probe was used in the present study. Longitudinal section of the lib was adopted to make the pleura gliding sign clearly observed, as shown in Fig. 1 . During the examination of each point, 3 breath cycles were needed. The typical pleural gliding sign was defined as clear pleural gliding in the ultrasound devices, especially when the B line was visible, as shown in Fig. 2A and B. When the M model was used, a beach sign could be observed when there was a pleural gliding sign, as shown in Fig. 2C ; and the barcode sign could not be observed when there was no pleural gliding sign, as shown in Fig. 2D . The presence of a pleural gliding sign was considered to denote that there was ventilation of the lung, while no pleural gliding sign was believed to denote that there was no ventilation of the lung.
The distance between the skin and pleura were recorded. The results provided by the UR were recorded by the PR, and the evaluator would be instructed to leave the operating room.
After the evaluation by the UR, the FR would enter the operating room and commence the evaluation. Standard: When LDLTs were used, the proximal of blue capsule should be set below the promontory, and the 2 lobes of the left lung could be easily observed.
When RDLTs were used, the proximal of the blue capsule was set below the promontory, the middle and lower lobe of the right lung could be observed via the distal opening of the tube, and the Figure 1 . Lung, rib, and pleura were shown in the figure. Pleura were easily shown by the ultrasound which was recognized as a highlight line between the ribs and above the lungs. The pleura sling signs were mainly evaluated from the motion tracks of the pleura. It indicated that the wall sliding between the parietal pleura and visceral pleura.
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Medicine upper lobe could also be observed via the lateral opening of the tube. The results of the evaluation conducted by the FR were recorded by the PR. After the evaluation by the FR, the PR would readjust the DLT according to the result of the FR, if needed.
Lateral position: After the 3 researchers completed their evaluation, the patients were changed into the lateral position. The AR, UR, and PR would sequentially reevaluate the position of the DLT, similar to what they did when the patient was in the supine position.
Based on previous experiments, [4, 20, 21] the hypothesis of this study was that there would be a 20% difference between auscultation and ultrasound in terms of the accuracy of the evaluation of the DLT position. In order to detect this difference with a power of 80% and a P-value of .05, the power calculation indicated that a sample size of at least 35 experimental subjects and 35 control subjects is needed to reject the null hypothesis, in which the failure rates for the experimental and control subjects are equal, with a probability (power) of .8 and a type I error of 0.05.
2.3.2. Data Acquisition. Sex, age, body mass index, height, and the distance from the skin to the pleura were recorded. The results provided by the FR were regarded as the gold standard. The results provided by the AR and UR were scored as "Yes" or "No." 2.3.3. Statistical Analysis. All data were present as means ± standard deviation. These experimental results were analyzed using SPSS 17.0 software (SPSS, Inc., Chicago, IL). The differences among groups were assessed by one-way analysis. A P-value <.05 was considered statistically significant.
Results
Signed informed consents were provided by the 132 subjects. Among these subjects, 14 subjects were excluded for the reason of no clear breath sounds before anesthesia, and 15 subjects were excluded for the reason of no clear pleural siding signs before anesthesia. A total of 103 subjects were finally enrolled into the study.
No significant differences were found among the general data such as sex ratio, age, body mass index, height, distance from skin to pleura, and type of surgery, as shown in Table 1 .
The total time for fiberscopic examination was shorter than those for ultrasound and auscultation examinations. Furthermore, the evaluation time of the UR was slightly longer than the AR, but there were no statistical differences. In addition, no differences were found between the supine position and lateral position, as shown in Table 2 .
The main results of the present study were as follows: the accuracy of ultrasound was higher than the accuracy of auscultation. Compared with auscultation, ultrasound was Figure 2 . A and B: Pleura sliding sign were shown in these 2 pictures. In picture A, the point indicated by the red arrows showed one point of the pleura at the end of the expiratory. In picture B, this point was sliding to another location next to it at the end of respiratory. The 2 pictures clearly showed how the pleura sliding sign happened. C and D: Lung ventilations were shown in the ultrasound by the M model. In picture C, signs were seen which indicated there were ventilation under the probe. Barcode signs were seen in picture D, which indicated there was no ventilation under the probe. That means, if there were pleura sliding signs, lung ventilation were true under the probe, and beach signs will be seen clearly when using the M mode. M mode ultrasound was a good supplement in our study besides the sliding signs.
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Supine position
When LDLTs were used, sensitivity and specificity for auscultation was 63.3% (48.3%-76.6%) and 37. When RDLTs were used, sensitivity and specificity for auscultation was 76.3% (59.8%-88.6%) and 25.0% (3.2%-65.1%), respectively, and sensitivity and specificity for ultrasound was 94.7% (82.3%-99.4%) and 62.5% (24.5%-91.5%), respectively. The accuracy of ultrasound (89.1% [76.4%-96.4%]) was higher than the accuracy of auscultation (67.4% [52.0%-80.5%]) (P = .0075 < .01).
Lateral position
When LDLTs were used, sensitivity and specificity for auscultation was 60.0% (43.3%-75.1%) and 41.2% (18.4%-67.1%), respectively, and sensitivity and specificity for ultrasound was 80.0% (64.4%-91.0%) and 64.7% (38.3%-85.8%), respectively. The accuracy of ultrasound (75.4% [62.2%-85.9%]) was higher than the accuracy of auscultation (54.4% [40.7%-67.6%]) (P = .0186 < .05).
When RDLTs were used, sensitivity and specificity of auscultation was 56.7% (37.4%-74.5%) and 31.3% (11.0%-58.7%), respectively, and sensitivity and specificity of ultrasound was 70.0% (50.6%-85.3%) and 81.3% (54.4%-96.0%), respectively. 
Discussion
The positioning of LDLTs and RDLTs differed significantly due to anatomical differences. For these reasons, the type of DLT and position of the body have to be taken into consideration. Our evaluation was based on the consideration of 4 factors: LDLT, RDLT, supine position, and lateral position.
From the results in the present study, we could draw a conclusion that ultrasound was better than auscultation. Ultrasound could become a better method compared with auscultation.
A total of 4 researchers were involved in this study: AR, UR, FR, and PR. Each of them has at least 8 years of experience in clinical anesthesia and at least 3 years of experience in DLT intubation. Each researcher was responsible for evaluating only 1 factor. The evaluation was performed in the operating room, except for the PR, in which the evaluations performed by the AR, UR, and FR were independent, and none of them knew about the conclusions made by the other researchers.
There were no significant differences in the general data. The distance from the skin to the pleura was an important characteristic. If the distance is too long, the breath sound by the AR and the pleural gliding by the UR would be easily disturbed. The evaluation point was located at the second and fifth lib, and was distant from the breast, allowing it not to be easily disturbed.
The evaluation of pleural gliding signs needs a duration of ventilation and working knowledge of the operators. [12, 13, 20] When LDLTs were used, the evaluation time of the FR was significantly shorter than the AR and UR. The evaluation time for ultrasound in the present study was shorter than that reported by Ramsingh, which was 162 ± 38 seconds. [3] These differences were probably related to the method ever used: Ramsingh not only detected the pleural gliding sign, but also the cricothyroid membrane and ETT cuff. These prolonged the evaluation time. Furthermore, there were no differences in evaluation time between the AR and UR. The evaluation point of these 2 researchers was the same. At least 3 breath cycles and 2-lung evaluations were needed no matter what type of DLT was used. Further studies also indicated that compared with LDLTs, the positioning time of RDLTs was longer, and there were no differences among these 3 researchers. These results may be related to the process of finding the opening of the right upper lobe. Usually, the opening of the right upper lobe was slightly hard to find when evaluated by the FR due to its anatomical variations. Hence, we conclude that when LDLTs were used, the evaluation time by FR was shorter than the AR and UR. However, no differences were found when RDLTs were used.
Changes in body position would influence the effect of DLTs, and subsequently, the results. Discussing only the evaluation in the supine position would not be sufficient enough, since thoracic surgery is usually achieved in the lateral position, and the readjustment of the position of the DLT is often necessary. Therefore, the conclusion drawn only from results in supine is not sufficient. For this reason, after the evaluation was performed in Table 1 General data of patient demographics.
Patient demographics
LDLT RDLT ASA (n = 57) (n = 46) I 3  0  II  37  32  III  15  10  IV  2 
23 ± 12 Distance to pleural, cm 2.8 ± 0.5 3.0 ± 0.5 Table 2 Time consumed by auscultation and ultrasound in determination of DLT location. Our results revealed that the sensitivity and specificity of auscultation were both lower than those of ultrasound. Furthermore, the accuracy of ultrasound was significantly higher than the accuracy of auscultation. Auscultation has been known as the standard for the determination of tracheal intubation. [21] However, the sensitivity of auscultation to distinguish tracheal intubation and bronchial intubation was as low as 60% to 65%. [22, 23] Hence, auscultation is not a reliable tool for the positioning of DLTs. [24, 25] In the present study, although the auscultation was performed by a fixed researcher and a fixed stethoscope, the evaluation of the breath sound was easily affected by many factors, such as the voice from the contra-lateral lung breath sounds, the environment of the operating room, the noise in the operating room, the physiological state of the operator, and so on. The process of auscultation has some subjectivity. Compared with auscultation, ultrasound had more advantages. The pleural gliding sign, lung pulse, and diaphragmatic excursion can be easily displayed on the screen by ultrasound. [13, 26] The M-mode ultrasound was also helpful: the beach sign appears only when pleural gliding exists, and the barcode sign appears when the pleural gliding sign is not present. Therefore, ultrasound is more objective and less susceptible to interference. Auscultation could be replaced by ultrasound to position the DLT.
This study is the first to discuss the accuracy of ultrasound both in the supine and lateral positions. Most previous studies have only revealed the evaluation of DLTs in the supine position. However, most thoracic operations are performed in the lateral position. The accuracy of ultrasound declined from the supine position to the lateral position. These results revealed that changes in body position induced the accuracy decline both in auscultation and ultrasound. The reason was thought to be associated with 2 factors: first, thoracic and lung compliances were declined in the lateral position compared with the supine position, affecting the evaluation of breath sounds and pleural gliding; second, the relative location of the lung tissue and trajectory would be changed, increasing the difficulty of the evaluation.
Although this technique is still not commonly used in clinical practice, POCU continuous to show more advantages in many areas. On one hand, more training programs were needed to allow more doctors master this technique. [27, 28] On the other hand, the ultrasound itself needs to be further revolutionized, while lowering its cost.
Overall, the present study shows that POCU is more accurate than auscultation in the positioning of DLT. Further studies have shown that accuracy declined from the supine to the lateral position. However, POCU was still accurate and reliable in the lateral position. Hence, POCU is recommended for the positioning of DLTs.
There are still several limitations in our study that deserves attention:
(1) Our conclusions were made based on the patients enrolled in our study, who met the criteria. However, the conclusions that could have been drawn from patients excluded from our study remain unknown. Further studies are needed for patients with chronic obstructive pulmonary disease (COPD), pleural adhesion and pneumothorax, whose breath sounds and/or pleural gliding are not obvious (2) The ideal position of DLTs should be as follows: When one lung is ventilated, the contra-lateral side should have no breath sounds or pleural gliding; and vice versa. However, in the present study, we only evaluated one of these, that is: the dependent lung that needs ventilation during the operation had breath sounds or pleural gliding signs, while the independent lung had none of the signs above. This criterion could ensure the need for an operation, the lung isolation would be considered to be good, and the collapse of the independent lung would be defined as satisfactory by the surgeons. Our standard may not be absolutely satisfactory for the re-inflation of the independent lung, and this usually occurs in clinical practice. (3) Our data shows that ultrasound was a reliable tool for the evaluation of DLTs. However, it could not completely rule out subjective factors. Pleural gliding signs were not so obvious in some cases, and accordingly, the decision may not be absolutely objective. In future studies, there is a need to conduct a hierarchical analysis for the degree of pleural gliding signs. (4) In the present study, we only evaluated the position with YES or NO. However, the true reason of the malposition was not defined and analyzed; and through ultrasound, we could not determine how to re-adjust the DLTs when the positioning is not good. Test characteristics and results of auscultation versus ultrasound.
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